Bacteria of the genus Pseudomonas are often components of bioproducts designed to enhance the condition of the soil and plants. The use of Pseudomonas bacteria in bioproducts must be preceded by the acquisition, characterization and selection of beneficial strains living in the soil. A prerequisite for the selection of bacterial strains for use in bioproducts is to be able to identify the isolates rapidly and accurately. To identify and differentiate 15 bacterial isolates obtained from the soil surrounding the roots of sour cherry trees and to assess their genetic similarity, the rep-PCR technique and restriction analysis of the 16S rRNA gene and the 16S-ITS-23S rRNA operon were used. In addition, a sequence analysis of the 16S rRNA gene was performed. The analyses made it possible to divide the isolates into four clusters and to confirm their affiliation with the Pseudomonas species. RFLP analysis of the 16S-ITS-23S rRNA operon enabled greater differentiation of the isolates than RFLP of the 16S rRNA gene. The greatest differentiation of isolates within the clusters was obtained after using the rep-PCR technique. However, none of the techniques was able to discriminate all the isolates, which indicates very high genetic similarity of the Pseudomonas isolates found in the same sample of soil from around the roots of sour cherry trees. The tests performed will find application for distinguishing and identifying Pseudomonas strains collected from the soil in order to select the most valuable bacterial strains that produce beneficial effects on plants.
Introduction
Progress in organic agriculture makes it necessary to develop new bioproducts that are suitable for the cultivation of fruit plants and contribute at the same time to improving the quality of soils under perennial crops, such as fruit orchards. To develop such bioproducts, it is necessary to acquire and isolate strains of beneficial bacteria from the soil environment. Among the bacteria that produce favourable effects on plants there are many strains belonging to the genus Pseudomonas. It has been established that strains of Pseudomonas spp. are important microorganisms in the rhizosphere, and that is why considerable research work is being conducted to exploit the potential of these bacteria for improving the quality of soils and the growth, yielding and protection of plants (Choudhary et al., 2009) .
Pseudomonas spp. are aerobic, Gram-negative bacteria, ubiquitous in agricultural soils, and well-adapted to growing in the rhizosphere (Weller, 2007) . Bacteria of the genus Pseudomonas are often found in cultivated soils, including the rhizosphere of plants, or in other substrates, such as oil-contaminated sand (McSpadden Gardener et al., 2000; Mavrodi et al., 2001; Susilowati et al., 2010; Mulet et al., 2011) . Pseudomonas bacteria have many valuable attributes that make them highly suitable for use in bioproducts. These bacteria quickly colonize the rhizosphere and plant roots, produce bioactive metabolites, such as antibiotics and siderophores (compounds stimulating plant growth), inhibit the growth of pathogenic microorganisms, increase the resistance of plants to diseases, and, moreover, they can be multiplied in the laboratory (Weller, 2007; Choudhary et al., 2009) . Pseudomonas bacteria are characterized by a broad spectrum of beneficial effects on plants; their action is often synergistic with other rhizosphere bacteria and mycorrhizal fungi beneficial to plants. Pseudomonas fluorescens and Pseudomonas putida strains have the ability to promote plant growth and drive developmental plasticity in the roots of Arabidopsis thaliana by inhibiting primary root elongation and promoting the formation of lateral roots and root hairs (Zamioudis et al., 2013) . Pseudomonas bacteria have been found to stimulate the growth and increase fruit Identification and Assessment of Genetic Similarity of Soil Bacterial Isolates of Pseudomonas spp. Using Molecular Techniques 3 292 yields of sweet cherry trees (Esitken et al., 2006) . PGPB (Plant Growth Promoting Bacteria), including those of the genus Pseudomonas, are known to stimulate fruit set and vegetative growth of 'Kütahya' sour cherry trees, which indicates the possibility of employing them in sustainable and ecological agricultural systems (Karakurt et al., 2011) . However, there is no information on the bacteria that colonize the rhizosphere soil of sour cherry trees grown organically, from which new useful strains could potentially be isolated.
The development of new bioproducts makes it necessary to identify and select the beneficial strains of Pseudomonas bacteria from the rhizosphere soil. The necessary condition in the characterization and selection of soil bacterial strains is the ability to quickly and accurately distinguish and identify the isolates. The basic method is to differentiate isolates on the basis of the morphological features of bacterial colonies, i.e. shape, colour, size, structure and type of edges (Aquilanti et al., 2004a) . The selection of beneficial strains of rhizosphere bacteria also relies on the techniques of biochemical identification (Rana et al., 2011) . However, unambiguous identification of bacteria at the level of species and strains by classical methods is often difficult because of the high variability in phenotypic traits (Jayarao et al., 1992; Aquilanti et al., 2004a) . For this reason, techniques based on DNA analysis are used in the identification and discrimination of bacterial isolates or strains.
To identify and differentiate genera and species of bacteria, and to assess their genetic similarity, sequence analysis of the 16S rRNA gene (Mulet et al., 2011; Susilowati et al., 2010; Yang et al., 2008; Charbonneau et al., 2012) or restriction analysis of the 16S rRNA gene with the ARDRA technique (amplified ribosomal DNA restriction analysis) (Aquilanti et al., 2004a; 2004b; Yang et al., 2008; Susilowati et al., 2010) is used. To differentiate bacteria at the species level, restriction analysis of the 16S-ITS-23S bacterial ribosomal operon is also used. Research in this area suggests that this technique is a universal and reliable tool for genotyping bacteria (Abd-El-Haleem et al., 2002; Zeng et al., 2012) .
The genomes of bacteria contain a large number of dispersed repetitive DNA sequences. These sequences are located at distant intergenic positions throughout the genome (Choudhary et al., 2009) . To differentiate bacterial species and strains, three families of repetitive sequences are used, namely Repetitive Extragenic Palindromic (REP) sequence, Enterobacterial Repetitive Intergenic Consensus (ERIC) sequence, and the BOX element. The rep-PCR technique employs primers that bind to repetitive sequences, which enables generation of DNA profiles for bacterial strains and species. By using the rep-PCR technique, it is possible to discriminate bacteria even down to the subspecies, strain, or isolate level (Louws et al., 1994; Ishii and Sadowsky, 2009 ).
All of the above-mentioned techniques have been used for the differentiation of bacteria of the genus Pseudomonas. However, RFLP analysis of the 16S-ITS-23S rRNA operon has been used for Pseudomonas bacteria only once, when evaluating the suitability of this technique for the differentiation of bacterial genomes from different taxonomic groups (Zeng et al., 2012) .
The aim of the study was to identify and determine the genetic similarity of isolates of Pseudomonas bacteria inhabiting the soil around the roots of sour cherry trees grown in the organic system. Furthermore, the aim of the study was to compare the usefulness of the PCR-RFLP technique for the 16S-ITS-23S rRNA operon with the ARDRA and rep-PCR techniques for differentiating isolates of soil bacteria.
Experimental

Materials and Methods
Preparation of soil bacterial isolates. The experimental material comprised isolates of bacteria obtained from the soil around the roots of sour cherry trees growing in the Ecological Orchard of the Institute of Horticulture in Nowy Dwór (51°51ʹ35ʹʹ N, 20°16ʹ46ʹʹ E). The bacteria were isolated from the soil by plating successive dilutions on Petri dishes containing S1 medium, which is selective for bacteria of the genus Pseudomonas (Gould et al., 1985) . Next, the dishes with bacterial colonies were incubated for seven days at a temperature of 28°C. All the isolates were subjected to Gram staining, and the production of the pigment fluorescein on S1 medium was determined.
DNA extraction. Extraction of DNA from bacterial colonies was carried out by means of a commercial GeneMatrix Bacterial & Yeast Genomic DNA Purification Kit for isolating DNA from bacteria and yeast (EURx) . DNA concentration in the samples was measured with a spectrophotometer at a wavelength of 260 nm. For further analyses, the samples were diluted to a final concentration of 10 ng/µl. RFLP analysis. For RFLP analysis, the 16S rRNA gene and the 16S-ITS-23S rRNA bacterial ribosomal operon were amplified. The 16S rRNA gene was amplified using 1492r/27f primers (Lane, 1991) . The 16S-ITS-23S rRNA operon was amplified using 63f/23SrPrimer4 (Abd-El-Haleem et al., 2002) . Reaction mixtures (20 µl) consisted of 1 × buffer for PCR, 0.2 mM of each nucleotide, 0.2 µM of each primer, 0.5 U of DreamTaq TM polymerase (ThermoScientific®) and 20 ng DNA. Amplification of the 16S rRNA gene was carried out in 35 cycles (94°C × 1 min., 55°C × 1 min., 72°C × 2 min.) and amplification of the 16S-ITS-23S rRNA operon was carried out in 25 cycles (94°C × 15 s, 64°C × 30 s, 68°C × 5 min.).
Restriction analysis of the 16S rRNA gene and the 16S-ITS-23S rRNA bacterial ribosomal operon was performed using FastDigest HaeIII, TaqI and RsaI enzymes (ThermoScientific®). Restriction digestion of the amplified fragments was carried out in 30 µl of a reaction mixture containing 17 µl deionized water, 2 µl of 10x reaction buffer, 1 µl of one restriction enzyme, and 10 µl of template DNA. Restriction fragments were separated on 2.5% agarose gel, stained with ethidium bromide and visualized under UV light.
rep-PCR analysis. The rep-PCRs were carried out using complementary primers for repetitive sequences in the bacterial genome: ERIC, REP, and BOX (Louws et al., 1994) . The reaction mixture (20 µl) consisted of 1 × buffer for PCR, 0.2 mM MgCl 2 , 0.25 mM of each nucleotide, 0.75 µM of each primer, 1.5 U of DreamTaq TM polymerase (ThermoScientific®) and 25 ng DNA. The following thermal profiles of the reactions were used: REP-PCR -42 cycles (94°C × 1 min., 52°C × 1 min., 65°C × 8 min.); ERIC-PCR -42 cycles (94°C × 1 min., 52°C × 1.5 min., 65°C × 8 min.); BOX-PCR -37 cycles (94°C × 1 min., 40°C × 2 min., 72°C × 2 min.).
The products of the reactions were separated on a 2% agarose gel, stained with ethidium bromide and visualized under UV light. Each reaction was repeated three times on the same DNA matrix. Only informative, clear and reproducible products of the reactions were analyzed.
Sequence analysis of the 16S rRNA gene. Amplification of the 16S rRNA gene in PCR was performed under the same conditions as for RFLP analysis. Determination of similarity of the obtained sequences with the 16S rRNA gene sequences of bacteria was carried out using the BLAST tool via the National Center for Biotechnology Information (NCBI) website.
Data analysis. On the basis of the data obtained with the RFLP techniques for the 16S rRNA gene (ARDRA) and the 16S-ITS-23S rRNA operon, and with the rep-PCR technique, a genetic similarity analysis of the isolates was made using XLSTAT software (Addinsoft 2006) based on the Jaccard coefficient. The results were used to construct dendrograms depicting the genetic similarity of the isolates. Multiple 16S rRNA gene sequence alignments were performed with MEGA 5.2 using CLUSTAL W. A phylogenetic tree was constructed using the neighbour-joining method with a bootstrap analysis based on 1000 resampling of the dataset.
Results
From the soil collected near the roots of sour cherry trees we obtained 15 isolates of bacteria growing on S1 medium, which is selective for bacteria of the genus Pseudomonas: Ps20A, Ps20J, Ps20N, Ps20N1, Ps20N2, Ps20P, Ps20S, Ps20T, Ps20Z, Ps20Z1, Ps20Z2, Ps20X1, Ps20X2, Ps20Om1, Ps20Om2. On the basis of Gram staining, we found that all the isolates were Gram negative. Among the 15 strains, 13 showed the ability to produce the pigment fluorescein, while the remaining two strains, Ps20X1 and Ps20X2, did not produce this pigment.
RFLP analysis. The length of the PCR products was approx. 1490 bp for the 16S rRNA gene and approx. 4000 bp for the 16S-ITS-23S rRNA operon. By using the HaeIII enzyme, we obtained monomorphic profiles for all the isolates tested. Digestion of the products of amplification of the 16S rRNA gene with restriction enzymes TaqI and RsaI resulted in 14 DNA fragments ranging in length from 75 bp to 800 bp, nine of which constituted fragments differentiating the isolates. The analysis enabled us to distinguish two isolates, Ps20P and Ps20J, while for the remaining isolates we obtained the same DNA pattern (Table I) .
Digestion of the products of amplification of the 16S-ITS-23S rRNA operon with restriction enzymes resulted in 37 DNA fragments ranging in length from 120 bp to 1100 bp, out of which 30 fragments enabled us to differentiate the isolates. As a result of RFLP analysis of the 16S-ITS-23S rRNA operon, we were able to distinguish isolates Ps20J, Ps20P, Ps20T and a group of isolates Ps20X1 and Ps20X2 (Table II) . The DNA profiles of the remaining 10 isolates were monomorphic.
PCR-RFLP analysis enabled us to divide the isolates into groups according to the profiles obtained. The analysis of the 16S rRNA gene resulted in 3 DNA patterns, while the analysis of the 16S-ITS-23S rRNA operon produced 5 DNA patterns, which allowed the isolates to be divided into groups of bacteria. The dendrogram created on the basis of RFLP analysis of all the DNA fragments identified 4 clusters (Fig. 1) . Isolates Ps20P and Ps20J were two separate clusters; isolates Ps20X1 and Ps20X2 were one cluster. Isolate Ps20T was most similar to the remaining 10 isolates and together they constituted a separate cluster. rep-PCR analysis. As a result of the reactions, we obtained a total of 79 polymorphic DNA fragments, from 200 bp to 3500 bp in length. The largest number of the polymorphic fragments (34) was obtained by using the REP primers. In the reactions with the ERIC primers, we obtained 22 polymorphic DNA fragments, while the BOX-PCR reactions produced 23 differentiating DNA fragments.
In the reactions with the BOX primers, we distinguished isolates Ps20P, Ps20J and the group of isolates Ps20X1 and Ps20X2. The remaining 11 isolates had the same DNA profiles. The products of ERIC-PCRs allowed us to distinguish the same isolates as in the BOX-PCRs, and, in addition, there was one polymorphic fragment that enabled us to distinguish isolate Ps20A. For the remaining 10 isolates, monomorphic DNA patterns were produced. In the REP-PCRs, we distinguished isolates Ps20P, Ps20J and the group of isolates Ps20X1 and Ps20X2. Moreover, the presence of one polymorphic fragment enabled us to distinguish the group of isolates Ps20Om1 and Ps20Om2. The remaining 9 isolates formed a cluster with the same DNA profiles.
The dendrogram constructed on the basis of the data obtained by the rep-PCR technique made it possible to divide the isolates into four clusters (Fig. 2) . One of them was formed by isolates Ps20X1 and Ps20X2. Two separate clusters were made up of isolates Ps20P and Ps20J. The remaining isolates formed one cluster. After carrying out the rep-PCRs, it was impossible to TaqI F 820, 600, 550, 480, 390, 350, 290, 210, 180, 120 Ps20A, Ps20N, Ps20N1, Ps20N2, Ps20S, Ps20T, Ps20Z, Ps20Z1, Ps20Z2, Ps20Om1, Ps20Om2 G 590, 520, 500, 450, 430, 380, 340, 210, 180, 120 Ps20J H 820, 480, 470, 390, 350, 290, 250, 210, 180 Ps20P I 820, 560, 490, 390, 370, 350, 290, 210, 180, 120 Sequence analysis of the 16S rRNA gene. Comparison of the sequence of the 16S rRNA gene of the tested isolates with the sequences in the NCBI database revealed high similarity of the isolates to Pseudomonas spp. (98-99%). The sequences of the 16S rRNA gene of isolates Ps20A, Ps20N, Ps20N1, Ps20N2, Ps20S, Ps20T, Ps20Z, Ps20Z1, Ps20Z2, Ps20Om1, and Ps20Om2 showed 99% similarity to P. fluorescens. The sequence of 16S rRNA of isolate Ps20J showed the strongest similarity (99%) to Pseudomonas reinekei or to P. fluorescens. The sequence of isolate Ps20P was to the extent of 99% the most similar to P. putida, and the sequences of isolates Ps20X1 and Ps20X2 to Pseudomonas jes senii (98%). The dendrogram constructed on the basis of the sequence analysis of the 16S rRNA gene divided the isolates into 3 clusters (Fig. 3) . One cluster contained isolates Ps20X1 and Ps20X2, the second Ps20P, while the third cluster contained isolate Ps20J and the remaining 11 isolates.
Discussion
From the soil surrounding the roots of sour cherry trees we obtained 15 bacterial isolates, whose colonies grew on S1 medium, which is selective for the genus Pseudomonas. By comparing the sequence of the 16S rRNA gene with the sequences stored in the NCBI database, we were able to confirm that all the isolates belonged to the genus Pseudomonas. The sequence of the 16S rRNA gene of isolate Ps20J showed the greatest similarity to the species P. reinekei and P. fluorescens. Strain MT1, identified as a novel species P. reinekei, had been isolated from a polluted aerobic sediment of the River Elbe (Cámara et al., 2007) . The sequence of the 16S rRNA gene of isolate Ps20J indicates strong similarity to this species, but to confirm that it belongs to P. reinekei requires additional molecular and biochemical tests. Based on the current results, we classified isolate Ps20J into the group of fluorescent Pseudomonas spp. Isolates Ps20X1 and Ps20X2 showed the strongest similarity to the species P. jessenii. However, the fact that these isolates did not produce the pigment fluorescein suggests that they may belong to another species of the genus Pseudomonas, and therefore, on the basis of the results obtained thus far, we classified them as Pseudomonas sp.
The techniques of DNA analysis employed in the study enabled us to determine the similarity of the isolates to four species of the genus Pseudomonas. However, none of these molecular techniques could differentiate all the isolates. The greatest genetic similarity was in a group of 11 isolates, Ps20A, Ps20N, Ps20N1, Ps20N2, Ps20S, Ps20T, Ps20Z, Ps20Z1, Ps20Z2, Ps20Om1 and Ps20Om2. Using the rep-PCR technique, we were able to distinguish isolate Ps20A and group of isolates Ps20Om1 and Ps20Om2, while RFLP analysis of the 16S-ITS-23S rRNA operon enabled us to distinguish one bacterial isolate from this group, Ps20T.
In the present study, the least informative was the RFLP analysis of the 16S rRNA gene (ARDRA), which allowed us to identify three groups of isolates. The ARDRA technique is used to differentiate genera or species of bacteria. It has helped to obtain unique species-specific RFLP patterns of Azotobacter bacteria (Aquilanti et al., 2004a (Aquilanti et al., , 2004b . The technique has enabled identification of genera and species of riceassociated bacteria (Yang et al., 2008) . ARDRA has also helped to isolate groups of antifungi-producing Pseudomonas rhizobacteria, which corresponded with the clusters obtained by 16S rRNA sequence analysis (Susilowati et al., 2010) . Sometimes, however, a high sequence identity of the 16S rRNA gene among bacterial species causes difficulties in distinguishing them (Zeng et al., 2012) . For example, the sequences of the 16S rRNA gene of different strains of acetic acid bacteria are very similar to one another, which causes problems in the identification of the species (Trček and Teuber, 2002) . Problems in the identification of species and subspecies of bacteria on the basis of 16S rRNA RFLP analysis make it necessary to analyze other regions of ribosomal genes, characterized by greater variation than 16S rRNA, such as the ITS region or 23S rRNA.
In the present study, RFLP analysis of the 16S-ITS-23S rRNA operon enabled us to separate out 5 groups of isolates and was more effective in differentiating the isolates than RFLP of the 16S rRNA gene, which divided the bacteria into 3 groups. RFLP analysis of the 16S-ITS-23S rRNA operon allowed us to distinguish one isolate -Ps20T, which could not be distinguished with the other techniques of DNA analysis.
The PCR-RFLP technique enables analysis of the ribosomal bacterial operon containing the 16S rRNA and 23S rRNA subunits and the region between them -the internal transcribed spacer (ITS) (Abd-ElHaleem, 2002; Yavuz et al., 2004; Zeng et al., 2012; Charbonneau et al., 2012) . The presence of at least one copy consisting of 16S rRNA, ITS and 23S rRNA has been found in each of the 885 published genomes of bacteria belonging to different genera, which indicates that the set of the 16S-ITS-23S ribosomal genes is an essential component in the bacterial genome and is the basis for the application of the long PCR-RFLP method (Zeng et al., 2012) . The region 16S-ITS-23S rRNA varies considerably between bacterial species and genera, and the variation in size of that region is associated with the variable size of ITS and the 23S rRNA gene, while the size of the 16S rRNA gene is not subject to any major changes (Zeng et al., 2012) . For these reasons, analysis of the 16S-ITS-23S rRNA region makes it possible to differentiate the more closely related bacteria, and may be more useful for differentiating bacteria than the ARDRA technique based on the analysis of the 16S rRNA gene. PCR-RFLP analysis of the 16S-ITS-23S operon has enabled division of thermophilic bacterial strains from manure compost into four clusters corresponding to four bacterial genera, and has also helped to distinguish two subgroups among Geobacillus thermodenitrificans isolates (Charbonneau et al., 2012) . PCR-RFLP analysis of the 16S-ITS-23S operon has also been effective in distinguishing Ralstonia eutropha even at the strain level (Abd-El-Haleem et al., 2002) .
To differentiate bacteria, analysis is also made of a part of the ribosomal operon, such as the ITS region or the 16S-ITS rRNA gene. For example, restriction analysis of the ITS1 region has enabled differentiation of Pseudomonas species (Franzetti and Scarpellini, 2007) . RFLP analysis of the ITS region has also enabled identification of acetic acid bacteria (Trček and Teuber, 2002) . PCR-RFLP analysis of the 16S-ITS rRNA gene has made it possible to differentiate Lactobacilli at the species level (Yavuz et al., 2004) . In addition, RFLP analysis of the 16S rRNA gene and ITS1 region has helped to distinguish biotypes of P. fluorescens, which differ in the production of levan (Scarpellini et al., 2004) .
In this study, RFLP analysis of both the 16S rRNA gene and the entire 16S-ITS-23S rRNA operon was possible with the use of TaqI and RsaI enzymes. This confirms the computer-simulated RFLP analysis of the 16S-ITS-23S sequence of rRNA genes conducted for 885 bacterial genomes, which showed that these enzymes were the most useful in the restriction analysis of the bacterial operon (Zeng et al., 2012) . The use of the HaeIII enzyme has enabled RFLP analysis of acetic acid bacteria based on the ITS region (Trček and Tauber, 2002) , but it proved to be useless in our study with bacteria of the genus Pseudomonas.
The rep-PCR technique is used to differentiate bacteria at the level of species, subspecies and strains (Gevers et al., 2001; Ishii and Sadowsky, 2009 ). In the results presented here, rep-PCR analysis enabled us to identify 4 clusters of isolates. The use of BOX, ERIC and REP primers made it possible to distinguish isolates Ps20P, Ps20J and a cluster of isolates Ps20X1 and Ps20X2. In addition, within the cluster of 11 isolates with the strongest similarity to P. fluorescens, the ERICPCRs enabled us to distinguish isolate Ps20A, while the REP-PCRs allowed us to distinguish isolates Ps20Om1 and Ps20Om2 from the other isolates.
Differences in the determination of the genetic similarity of bacteria of the genus Pseudomonas with the rep-PCR technique as dependent on the primers used have also been observed in other studies. The use of ERIC primers has enabled better differentiation of Pseudomonas avellanae strains than the use of BOX or REP primers (Scortichini et al., 2000) . In an assessment of the genetic diversity of Pseudomonas strains originating from the rhizosphere and containing the phlD gene, separate groups of bacteria among isolates with the same BOX pattern have been distinguished on the basis of ERIC patterns (McSpadden Gardener et al., 2000) . A greater genotypic diversity of Pseudomonas syringae strains has been obtained in BOX-PCRs than in ERICPCRs (Kaluzna et al., 2010) . When distinguishing isolates of Pseudomonas spp., more discriminating DNA profiles have been obtained with REP than with ERIC or BOX primers (Lisek et al., 2011) . Differences in the usefulness of primers for rep-PCRs are also observed when analyzing the genetic diversity of bacterial genera other than Pseudomonas spp. The REP-PCR method has proved to be more informative and more effective than BOX-PCR in the differentiation of species of the genus Geobacillus (Meintanis et al., 2008) . The BOX-PCR method has also been the most useful for the identification of thermophilic strains of bacteria of the genera Geobacillus, Anoxybacillus and Bacillus (Adiguzel et al., 2009) . The results of our study and data from the world literature indicate that the use of all the REP, ERIC and BOX primers makes it possible to obtain greater biodiversity and to distinguish a larger number of bacterial species and strains with the rep-PCR technique.
As a result of the rep-PCR analysis, it was not possible to distinguish three groups consisting of 8, 2 and 2 isolates. The fact that the same bacterial DNA profiles were obtained indicates very strong similarity of the isolates isolated from the same soil sample. The result is similar to that of rep-PCR analysis of strains of fluorescent Pseudomonas spp., where the dominant genotype was observed for isolates isolated from the same soil sample (McSpadden Gardener et al., 2000) .
In the identification and differentiation of bacteria, the rep-PCR technique is used in conjunction with the ARDRA technique, which allows a more precise discrimination of isolates to the level of species, subspecies, or even strains. When ARDRA patterns obtained for phlD-containing Pseudomonas strains showed very strong similarity, it was only by using the rep-PCR technique that it was possible to identify 17 genotypes among 3 ARDRA groups (McSpadden Gardener et al., 2000) . The ARDRA technique has also helped to isolate among rice-associated bacteria a group of 139 bacterial strains belonging to the genus Bacillus, while the BOX-PCR technique enabled discrimination of those strains to the level of species or subspecies (Yang et al., 2008) . Our own studies have shown that the best discrimination of isolates is obtained with the rep-PCR technique. Similar results have been obtained after comparing the rep-PCR and ARDRA techniques in the differentiation of strains of fluorescent Pseudomonas spp. (McSpadden Gardener et al., 2000) .
The phylogenetic analyses performed on the basis of the obtained sequences of 16S rRNA, using RFLP of the 16S-ITS-23S rRNA operon and rep-PCR, enabled us to identify bacterial isolates from the soil surrounding the roots of sour cherry trees to the level of species of the genus Pseudomonas. The least effective in differentiating the isolates was RFLP analysis of the 16S rRNA gene. The rep-PCR technique enabled us to distinguish the largest number of isolates. None of the techniques used made it possible to differentiate all the isolates, which indicates very high genetic similarity of the isolates of Pseudomonas bacteria originating from the same soil sample collected near the roots of sour cherry trees. Results of our own research and data of other authors confirm that the differentiation and identification of soil bacterial isolates require the use of several molecular techniques, which increases the effectiveness of identification (Franzetti and Scarpellini, 2007) .
Our studies have enabled optimization and selection of appropriate methods to increase the effectiveness of identification of soil bacterial isolates of the genus Pseudomonas, and of the species and strains of that genus.
The tests performed will be used to differentiate and identify isolates and strains of Pseudomonas colonizing the rhizosphere of fruit trees and other cultivated plant species. This will enable effective selection of the most valuable and economically important bacterial strains that produce beneficial effects on plants. The best strains and species of the beneficial soil microorganisms will become valuable components of microbiological preparations for organic and integrated production of crop plants. Moreover, the results obtained will be used for molecular characterization of microorganisms beneficial to plants, deposited in SymbioBank of the Institute of Horticulture in Skierniewice (Poland).
